Research of Study (J-cReSt) group † purpose: to investigate the clinical characteristics and visual outcomes of patients with work-related open globe injuries (oGis) and compare them with patients with non-work-related oGis. Design: Retrospective, observational, multicentre, case-control study. Methods: A total of 374 patients with work-related OGIs and 170 patients with non-work-related OGIs who presented to hospitals that belong to the Japan-Clinical Research of Study group from 2005 to 2015 were included in this study. Clinical data including age, sex, initial and final visual acuity, type of open globe injury, lens status, zone of injury, wound length, and presence of proliferative vitreoretinopathy, retinal detachment, expulsive haemorrhage, and endophthalmitis were recorded. Main outcome Measures: Visual acuity. Results Work-related OGIs were associated with younger age, male sex, better initial and final visual acuity, more laceration, smaller wounds, presence of retinal detachment, and expulsive haemorrhage, compared with non-work-related OGIs. Multiple regression analysis revealed that final visual acuity is significantly associated with initial visual acuity, wound length, and the presence of proliferative vitreoretinopathy in work-related oGis. conclusions: Work-related oGis showed better visual outcomes than other oGis. initial visual acuity, wound length, and the presence of proliferative vitreoretinopathy are predictors of visual outcomes in patients with work-related oGis.
Results
A total of 374 patients with OGIs were enrolled in this study. Table 1 shows the characteristics of patients with work-related OGIs and those of patients with non-work-related OGIs. Out all the recorded injuries, 170 (45.5%) were work-related OGIs and 204 (54.5%) were non-work-related OGIs. The patients with work-related OGIs, consisted of 161 males (94.7%) and 9 females (5.3%), with an average age of 49.9 ± 17.2 years (range: 18-88 years). For the non-work-related OGI group, which comprised 114 males (55.9%) and 90 females (44.1%), the average age of the patients was 62.6 ± 24.0 years (range: 2-101 years).
Of the 170 patients in the work-related OGI group, 46 patients (27.1%) presented with rupture and 124 (72.9%) with laceration. Regarding lens status, 141 eyes were phakic, nine eyes were pseudophakic, 11 eyes were aphakic, and the remaining nine eyes were unclear. Regarding zone of injuries, 93 eyes were categorized as zone I, 37 eyes as zone II, 36 eyes as zone III, and the remaining four eyes were unclear. PVR was observed in 11 eyes (8.3%), RD in 39 eyes (23.5%), EH in 13 eyes (10.1%), and EO in 12 eyes (7.1%). About treatment 62 eyes were only sutured a wound, 14 eyes were received cataract surgery, 86 eyes were received vitreous surgery, three eyes received enucleation, and the remaining five eyes were unclear. One hundred eight eyes underwent first surgery and the other 62 eyes underwent second surgery. The average of period from the injury to the medical institution was 1.6 days and there was no regional difference.
Out of the 204 patients in the non-work-related OGI group, 159 patients (77.9%) presented with rupture and 45 (22.1%) with laceration. Regarding lens status, 98 eyes were phakic, 33 eyes were pseudophakic, and the other 55 eyes were aphakic. Regarding zone of injuries, 53 eyes were categorized as zone I, 51 eyes as zone II, and the other 88 eyes as zone III. PVR was observed in 13 eyes (9.0%), RD in 93 eyes (50.0%), EH in 39 eyes (27.9%), and EO in seven eyes (3.5%).
Initial visual acuity was 1.7 and final visual acuity was 0.8 in the work-related OGI group, indicating that the visual acuity was significantly improved by surgery (p < 0.001). In the non-work-related OGI group, visual acuity was also significantly improved by surgery (Initial visual acuity was 2.6; final visual acuity was 1.8, p < 0.001).
The patients in the work-related OGI group were significantly younger, tended to be male, and had a higher incidence of laceration, RD, and EH than those in the non-work-related OGI group. The initial visual acuities and final visual acuities of patients in the work-related OGI group were better than those of patients in the non-work-related OGI group.
In the work-related OGI group, final visual acuity was significantly correlated with initial visual acuity and wound length, and had a significant association with the type of injury, presence of PVR, RD, and EH ( Table 2) . There was no significant difference in final visual acuity between institutions (p = 0.06). Results of a multiple regression analysis showed that patients' final visual acuity was significantly associated with their initial visual acuity (p < 0.001), wound length (p < 0.001), and the presence of PVR at first visit to hospital (p < 0.001).
Discussion
We extracted work-related OGI cases from a large number of OGI cases registered in the J-CREST database, investigated the characteristics of the cases, and compared them with those of OGIs from other causes. A prior study reported that the average age of patients who sustained work-related OGIs was 35.8 years 20 ; some other previous studies reported that majority of patients with work-related OGIs are male (79-98%) [18] [19] [20] . In the present study, the average age of patients in the work-related OGI group was 49.9 years and 94.7% were male, which was similar to the findings of other studies.
Parameters
Work group www.nature.com/scientificreports www.nature.com/scientificreports/ Bauza et al. found a significant difference in the types and zones of injuries, initial and final visual acuity, enucleation rate, incidence of cataracts, hyphema, RD, EH, and afferent pupillary defect between work-related OGIs and non-work-related OGIs 19 . Kanoff et al. reported that initial and final visual acuity was better for patients with work-related OGIs than for those with non-work-related OGIs 20 . We found a significant difference in age, sex, initial and final visual acuity, types of injury, wound length, and the presence of RD and EH between the two groups.
In the present study, patients who sustained work-related OGIs were relatively younger, tended to be male, and had a higher incidence of laceration than those in the non-work-related OGI group. This is probably because OGIs occur relatively frequently after a fall among the elderly. In this study, 59% of non-work-related OGIs were caused by falls. Previous studies reported that 14-32% of patients with OGIs sustained their injuries by falling 21, 22 . In geriatric populations , the most common mechanism of open globe injuries is falls (65%) 23 , and women were main victims of fall-related OGIs; the mean age of OGI patients in this demographic is 65.8-80.6 years old 21, 24 . Further, 90.8% of the patients who accidentally fell presented with ruptures 21 . Our results are consistent with the findings of the preceding studies.
The initial visual acuity and final visual acuity of patients in the work-related OGI group were superior to those of the patients in the non-work-related OGI group. The probable cause was that the incidence of laceration was higher in the non-work-related OGI group than in the work-related OGI group. The initial and final visual acuity of rupture patients in our study was poorer than that of patients with laceration; this result is a generally well-recognised finding [24] [25] [26] .
Our multiple regression analysis showed that in the work-related OGI group, initial visual acuity, wound length, and the presence of PVR were associated with final visual acuity. A number of previous reports revealed that poor initial visual acuity is a poor prognostic factor in OGIs, fall-related OGIs, and work-related OGIs 19, 21, 24, 25, [27] [28] [29] [30] . In addition, a large wound 30 and PVR 24 are associated with final visual acuity in OGI cases. These findings were consistent with our results.
This study has some limitations. This was a retrospective study, and there were some missing data such as lens state, zone and treatment. In addition, the follow-up period was relatively short. Future studies with a longer follow-up period are needed to confirm and validate the findings of this study.
In summary, we assessed work-related OGI cases in a multicentre study in Japan. Patients with work-related OGIs were younger and exhibited better visual outcomes than those with non-work-related OGIs. Initial visual acuity, wound length, and the presence of PVR were found to be associated with the visual outcomes of work-related OGIs.
Methods
This was a retrospective, comparative, observational, case-control study of patients who had been diagnosed with an OGI and followed up for at least six months at ten core hospitals that belong to the Japan Clinical Retina Study group (i.e., University of Tsukuba, Tokushima University Graduate School, Hyogo College of Medicine, National Defense Medical College, Nara Medical University, Kagoshima University Graduate School of Medical and Dental Sciences, Nagoya City University Graduate School of Medical Sciences, Shiga University of Medical Science, Sapporo City General Hospital, and Faculty of Medical Sciences University of Fukui) from January 1, 2005 to January 31, 2015. The Japan Clinical Retina Study group was formed for the purpose of analysing disease statistics and pathological conditions by accumulating and sharing data among multiple centres across Japan. We conducted this study in accordance with the tenets of the Declaration of Helsinki, and received approval from the institutional review boards of each hospital. Informed consent was obtained from all individual participants included in the study.
The obtained data were classified into two categories (work-related or non-work-related) depending on the mechanisms of the OGIs of the patients. Clinical data, including patients' age, sex, initial visual acuity, final visual acuity, the type of injury (i.e., rupture or laceration), lens state, zone of injury, wound length, presence of proliferative vitreoretinopathy (PVR), retinal detachment (RD), expulsive haemorrhage (EH), and endophthalmitis (EO) at the first visit to hospital, were collected. In OGIs, zone I injuries are confined to the cornea and limbus, 
